This review highlights recent developments in the management and monitoring of hypertension in adults with chronic kidney disease (CKD), not on dialysis.
INTRODUCTION
Nearly one-third of adults in the United States have hypertension [1] . The prevalence is even higher among those with chronic kidney disease (CKD) at 60% [2] . Treatment of elevated blood pressure (BP) is critical for preventing CKD, slowing its progression to kidney failure, and reducing the risk of adverse cardiovascular events in both diabetic and nondiabetic persons [3, 4] . Over the last 2 years a number of organizations have issued new and updated guidelines pertinent to individuals with hypertension and CKD [5 && ,6-8] . The focus of this narrative review is to highlight the recent developments in the field of hypertension and CKD with regard to evaluation of BP, BP targets, and use of certain antihypertensive agents. We conducted a systematic search of MEDLINE for publications indexed from 2011 to 8 June 2013 with the Medical Subject Heading (MeSH) terms of chronic renal failure and hypertension. We selected pertinent studies based on relevance to the above topics.
We did not review literature in dialysis patients or children, nor did we cover topics reviewed in other papers in this issue such as renal sympathetic denervation.
DIAGNOSIS, CLASSIFICATION, AND EVALUATION OF HYPERTENSION
Evaluation of BP can be challenging. Elevated office BP is recognized as an important risk factor for future kidney and cardiovascular disease (CVD), and is the most widely used measure. Recent evidence, however, suggests that ambulatory BP monitoring (ABPM) may better classify a patient's hypertensive status and risk for adverse events [9, 10] . The 2011 guidelines from the UK National Institute for Health and Clinical Excellence (NICE) recommend ABPM to confirm the diagnosis of hypertension in people with a clinic BP of 140/ 90 mmHg or higher [6] . Self-measured BP (SMBP) monitoring by a patient at home is recommended for persons unable to tolerate ABPM [6] . In a 2013 evidence update [11] , the NICE guidelines cite the randomized controlled trial (RCT) by Myers et al. [12] , which showed that in 522 hypertensive patients over the age of 45, both manual and automated office measurements of SBP were higher by 2.3 and 6.5 mmHg, respectively, than ABPM recordings. This study, however, excluded patients who had more than twice the normal value of serum creatinine, and the NICE guidelines did not specifically discuss the issue of BP measurement in persons with CKD. In 2004, the Kidney Disease: Outcomes Quality Initiative (KDOQI) guidelines recommended the use of ABPM in the setting of white-coat hypertension, resistant hypertension, hypotensive symptoms while taking antihypertensive medications, episodic hypertension, and autonomic dysfunction (Grade C recommendation) [13] . A recent consensus statement by a number of European and American societies has recommended that ABPM be used for the diagnosis of hypertension in persons at risk for CVD events such as those with CKD [14] .
In the largest cross-sectional study of ABPM among CKD patients to date, Gorostidi et al. [15 & ] evaluated differences between office and 24-h ABMP values in a cohort of 5693 patients with CKD stages 1-5 from the Spanish ABPM registry. Of this study population, 68% had CKD 3, 7% had CKD 4, and only 2% had CKD 5. The investigators found control rates by 24-h BP (<130/80 mmHg) two times higher than office BP control rates (<140/90 mmHg) (43.5 versus 21.7%; P < 0.001). Compared to ABPM readings, the average SBP/DBP in the office was approximately 21/11 mmHg higher. The authors also noted that white-coat hypertension (i.e., office BP > 140/90 and 24-h ambulatory BP < 130/ 80 mmHg) was present in 36.8% of patients and masked hypertension (office BP < 140/90 and 24-h ambulatory BP > 130/80 mmHg) was present in 32.1% of patients. This study has also shown that in patients with CKD, 24-h control of BP is better than previously expected and this did not change with increasing stages of CKD. Nocturnal BP control, on the contrary, was worse as the severity of kidney disease increased. This nondipper pattern of BP appears to be associated with increased risk of adverse events. In a recent cross-sectional study of 540 Chinese patients with CKD who underwent ABPM, 42% had a nondipper pattern and 22% had a reversed dipper pattern [16] . Patients with a reversed dipper pattern had worse renal function and markers of cardiovascular damage when compared with patients with nondipper BP pattern after adjusting for other confounders.
These findings suggest that office BP recordings may not be sufficient for diagnosing and subsequent monitoring of hypertension during treatment. A systematic review of a large number of studies in individuals with hypertension has shown that SMBP improves BP control, especially when combined with additional support such as education, counseling or telemonitoring [17 & ]. Although there is no reason this should not be the case in patients with hypertension and CKD, the data in this population are still limited. A small RCT of home BP telemonitoring in older patients with CKD and uncontrolled hypertension showed that this was feasible in this population [18] . A larger study showing effectiveness for BP control from telemonitoring and pharmacist BP management included almost a fifth of individuals with CKD [19] .
BLOOD PRESSURE TARGETS
Prior guidelines recommended a BP target of less than 130/80 mmHg for high-risk individuals including patients with CKD, but recent guidelines have provided revised recommendations (Table 1 ) [5 && ,6,8,20] . The BP target recommended for most patients with CKD is less than 140/90 mmHg. For those with proteinuria a lower target of less than 130/80 mmHg may be tried. The revised targets are based on a reevaluation of RCT evidence in CKD and non-CKD patients. Three main BP target trials in adults with predominantly nondiabetic CKD [21] [22] [23] [24] failed to
KEY POINTS
Ambulatory BP and self-measured BP appear to better classify hypertension than office BP and allow tailoring of antihypertensive treatment.
BP targets have been reevaluated in guidelines and changed to less than 140/90 mmHg for patients with nonproteinuric CKD, and less than 130/80 mmHg for those with proteinuria.
Lower salt intake is associated with a greater effect of RAAS blockage in CKD. Lifestyle modifications resulting in weight loss lower BP in individuals with CKD.
A substantive proportion of overweight or obese CKD patients report use of weight loss medication, which is a potential safety concern.
find benefit for progression of CKD, CVD, or death with SBP targets of less than 125-130 mmHg versus less than 140 mmHg [24] . An observational extension of one study found benefit for incidence of kidney failure in the lower BP group, raising the question whether the 2-3 years follow-up in the trials was too short [25] . But the extension study of the other large trial did not find benefit [26] . In subgroups with proteinuria greater than 300 or 1000 mg/day, there may be benefit from the lower targets [24] . A recent meta-analysis confirmed lack of benefit from more intensive BP control in nonproteinuric CKD and a reduction in kidney failure in those with proteinuria [hazard ratio 0.73, 95% confidence interval (CI) 0.62-0.86] [27 & ]. The analysis in proteinuric subgroups combined three large CKD studies in adults [21] [22] [23] , one study in children [28] , and one in older adults [29] , thereby deriving more precision, but also introducing greater clinical heterogeneity regarding the populations and BP targets. For instance, the study in children compared a target of less than 50th percentile versus a target between 50th and 95th percentile for age and height reference BP by ABPM. The study in older adults compared an SBP target of less than 140 versus less than 160 mmHg. A large trial in diabetic patients, Action to Control Cardiovascular Risk in Diabetes (ACCORD), failed to show benefit from an SBP target less than 120 mmHg rather than less than 140 mmHg [30] . At baseline, 40% of the patients had albuminuria, mostly microalbuminuria. Two ongoing trials will provide more data in individuals with nondiabetic CKD [31, 32] . There are no BP target trials in kidney transplant recipients; thus, recommendations for this group are extrapolated from evidence in nontransplant patients. Similarly, there are no BP target studies specifically in older adults with CKD. Guidelines recommend a less intensive BP target in older patients and to individualize BP targets based on benefit-harm assessment given the greater comorbidity and risk for falls (Table 1) 
CHRONOTHERAPY
Given the risk of nocturnal hypertension in CKD, recent trials have examined the role of daytime versus bedtime administration of antihypertensive agents. The first trial was conducted by Hermida et al. [33] in 661 hypertensive adults with CKD [estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m 2 , urinary albumin excretion >30 mg/24-h urine or both]. The study evaluated the effect of changing one or more of the daily antihypertensive medications to bedtime as compared to giving all medications upon awakening.
In this study in which hypertension was defined as an awake BP mean more than 135/85 mmHg or an asleep BP mean more than 120/70 mmHg, persons randomized to bedtime medication showed a better overall control of BP on ABPM (56 versus 45%; P < 0.03), greater reduction in mean asleep SBP (9.7 versus 4.4 mmHg; P < 0.01) and also a lower proportion of nondippers (41 versus 71%; P < 0.01). Persons randomized to bedtime therapy also had greater reduction in albuminuria compared to the control group. During the course of follow-up (median 5.4 years), eGFR did not change statistically significantly (À0.4 ml/min/1.73 m 2 ; P ¼ 0.6) in those assigned to the bedtime medication, but there was a decrease of À2.3 ml/min/1.73 m 2 (P < 0.003) in those ingesting all medications upon waking (P between groups 0.043). The group receiving bedtime therapy had a significant reduction in the composite outcome of cardiovascular death, myocardial infaction, or stroke (adjusted hazard ratio 0.28; 95% CI 0.13-0.61; P < 0.001). This is an unexpectedly strong effect size for an important clinical outcome, for which CKD BP studies are often underpowered. In a subgroup of 448 patients with type 2 diabetes, the authors found similar improvements in BP control by ABPM and a significant risk reduction in CVD events (hazard ratio 0.25; CI 0.10-0.61; P ¼ 0.003] [34] . The reduction of nocturnal BP with evening drug dosing was also seen in a smaller study [35] . In 27 patients with a mean eGFR of 58 ml/min/ 1.73 m 2 who at baseline were taking three or more antihypertensive medications and demonstrating a nondipper or reversed dipper pattern of hypertension, changing all medications (except diuretics) to nocturnal dosing resulted in significant decrease in overall nocturnal SBP (À6.1 mmHg) and DBP (À4.2 mmHg) and overall 24 h SBP (À2.7 mmHg) and DBP (À2.0 mm Hg).
Another study in 147 former participants of the African American Study of Kidney Disease (AASK) with hypertensive kidney disease, however, failed to show nocturnal SBP reduction with nightly antihypertensive drug dosing [36] . Participants in this study were randomized to three groups: either all medications in the evening (p.m. dose); all medications in the morning with one additional evening dose (add-on dose); or all medications in the morning (a.m. dose). Compared to the a.m group, absolute reduction in nocturnal SBP in the p.m. dose group (À1.7 mmHg; P ¼ 0.16) or add-on dose group (À2.07 mmHg; P ¼ 0.08) did not differ significantly. These findings did not change when analyzed in subgroups by dipping status, nocturnal BP, urinary sodium excretion, and number of antihypertensive medications at baseline. Some important population differences exist between this and the Hermida study [33] , which may account for the differences in results. Participants in the Hermida study were younger compared to participants in AASK (approximately 60 versus 65 years), and had a shorter duration of hypertension (approximately 7 versus 30 years); higher eGFR (66 versus 45 ml/min/1.73 m 2 ), and higher mean nocturnal SBP (129 versus 124 mmHg).
The low cost and simplicity of bedtime antihypertensive drug dosing make it an attractive therapeutic option in persons with nocturnal hypertension and relatively preserved eGFR (>45 ml/min/ 1.73 m 2 ). However, the findings of the Hermida study need to be replicated across various clinical populations and stages of CKD, before one can recommend this practice as a treatment of proven efficacy for prevention of clinical outcomes.
DIURETIC THERAPY GUIDED BY BIOIMPEDENCE SPECTROSCOPY
Salt retention along with volume overload is a major cause of hypertension in patients with CKD. Bioimpedance spectroscopy (BIS) is a method for measuring body composition, which has been used to assess volume status in patients on dialysis [37] . Verdalles et al. [38] used BIS to assess fluid status and guide the use of diuretics to treat hypertension in CKD patients not on dialysis. They treated 30 patients with extracellular volume (ECV) expansion with a diuretic compared to 20 patients without ECV expansion who instead received another additional antihypertensive medication. At 6 months of follow-up, SBP decreased by 21 mmHg in patients with expansion of ECV compared with 9 mmHg in patients without expansion of ECV (P < 0.01). In addition, nine of 30 patients with ECV expansion and two of 20 without ECV expansion achieved the target BP of less than 140/90 mmHg at 6 months. This novel approach to managing hypertensive CKD patients based on BIS assessment of volume status will need further study in larger cohorts before it can be considered for wider use.
TRIALS OF PARTICULAR ANTIHYPERTENSIVE AGENTS
Many effective antihypertensives are available, but drug therapy for the treatment of hypertension remains an active area of research. Recent studies examined newer agents such as aliskiren, a selective renin inhibitor that has been shown to be associated with reduction in BP and sympathetic nerve activity [39, 40] , and sitaxsentan [41] , a selective endothelial antagonist in the treatment of hypertension in persons with kidney disease. We however did not find new studies that reported clinical endpoints among patients with CKD. In a recent RCT of aldactone lasting 36 weeks, it was shown to be well tolerated in patients with early stage 3 CKD with fewer than 1% episodes of hyperkalemia (K þ !6 mmol/l) [42] . This is important as there has been an interest in its use for treating resistant hypertension.
DIETARY SALT INTAKE
Recent studies have evaluated the interaction between dietary salt intake and renin-angiotensinaldosterone system (RAAS) blockade in CKD ]. The authors reported that absolute reductions in 24-h urinary albumin-to-creatinine ratio and SBP were greatest in those with the lowest baseline urinary sodium-to-creatinine ratio. ARB use was not associated with a significant reduction in SBP, renal or CVD events among those in the highest tertile of sodium-to-creatinine ratio. Among those treated with irbesartan and losartan, individuals in the lowest tertile of sodium-to-creatinine ratio experienced significantly fewer CVD events compared to the highest tertile ( Fig. 1 ).
Another study similarly shows increased risk for clinical endpoints in ACE-treated patients with greater salt intake. A post hoc analysis of 500 patients with CKD, but without diabetes, treated with ramipril (5 mg/day) in the first and second Ramipril Efficacy in Nephropathy (REIN I & II) trials were monitored with serial 24-h urinary sodium and creatinine measurements [44 & ]. This study showed that the antiproteinuric effect of ramipril was blunted in persons with high sodium intake, independent of BP control. The risk of progression to end-stage renal disease (ESRD) increased linearly with increasing sodium intake with each 100 mEq/g increase in urinary sodium/ creatinine excretion associated with a 1.61-fold (95% CI 1.15-2.24) higher risk for ESRD. These studies suggest that RAAS blockade is more effective in CKD patients with low sodium intake.
LIFESTYLE INTERVENTIONS AIMED AT WEIGHT LOSS
Data from nearly a decade ago showed that 13% of all patients initiating dialysis were obese (BMI > 35 mg/m 2 ) [45] and that 60% of all patients receiving a transplant were overweight or obese [46] . Obesity is an independent risk factor for hypertension [47] , CKD and ESRD [48, 49] . However, data on weight loss interventions and their effect on BP and kidney function in CKD patients are limited. One uncontrolled study of 112 obese patients with CKD stages 1-5 and mean eGFR of 32 ml/min/ 1.73 m 2 showed that sustained weight reductions can be achieved with a multidisciplinary approach and results in lower BP [50] . However, about half of the patients were dialysis patients and many may have been motivated to meet the BMI cutoff for transplant eligibility. The intervention consisted of nine individual sessions with a renal dietician and renal physiotherapist over 12 months, which included a program advising a low-fat, energyreduced renal diet, increased physical activity, use of behavior therapy techniques, and the drug orlistat 120 mg three times daily [51] . Mean weight loss was 4% with over 22% of the participants achieving more than 10% weight loss, which was sustained at 24 months. In addition, there were statistically significant reductions in SBP at 24 months among participants who were partly compliant [À4 mmHg (95% CI À3 to À11)] or compliant [À8 mmHg (95% CI À2 to À14)] with the structured sessions. As orlistat may cause hyperoxaluria and kidney injury [52] , it is noteworthy that the study did not report any patients who developed kidney stones or hyperoxalosis throughout the course of the therapy.
Using data from National Health and Nutrition Examination Survey, Navaneethan et al. [53] showed that among individuals with CKD and BMI more than 25, 50% reported pursuing weight loss and 8% reported using medications to promote weight loss. This raises an important question about the safety of weight loss modalities in CKD because high protein diets and weight loss medications may need to be used with caution in persons with CKD. None of the FDA-approved weight loss medications can be safely used in patients with CKD, especially in patients with eGFR less than 60 ml/min/1.73 m 2 [54] . It is also intriguing that the recent large Look AHEAD study in obese individuals with diabetes who did not yet have CKD reported benefit from intensive lifestyle modification for prevention of CKD [55 & ].
CONCLUSION ABPM and self-measured BP are tools to evaluate BP more comprehensively than clinic BP. They provide opportunity to tailor BP management to the BP pattern abnormality, for example, with chronotherapy. Recent guidelines recommend less aggressive BP targets for people with CKD without proteinuria than for those with. We still need more clinical outcome studies to inform BP targets for different age groups, types of CKD disease, and comorbidities. Lifestyle interventions play an important role in managing hypertension in CKD and management of obesity in CKD remains an important area for future research.
